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Field of the invention 

This invention relates to digital cameras and, more particularly, to a digital camera 
adapted for taking pictures of a subject in a continuous manner while varying exposure 
therefor. 

Description of the prior art 

The function possessed by the silver-halide photographic cameras includes a 
continuous shot function to take pictures of a subject in a continuous fashion while 
varying exposure. Using this function, it is possible to take at least one picture of a 
subject with a best suited exposure. In the silver-halide photographic camera, image 
recording completes simultaneous with image exposure, making it possible to advance 
the timing of picture taking during continuous shot operation in proportion to increase in 
film feed rate. 

In the digital camera, however, the processes of exposure by a CCD imager and 
transfer of pixel signals from the CCD imager each require a 1 -frame period. Only these 
two processes needs a time of as long as a 2-frame period. Considering further an image 
recording time, signal processing for one shot would require a 2-frame period or longer. 
Thus, the digital camera has had a problem of delay in picture taking timing, as compared 
to the silver-halide photographic camera. 

Meanwhile, the processes of exposure, data transfer and recording are dependent 
from one another. It can be considered that the picture taking timing is to be advanced if 
the signal processing of a preceding shot and that of a current shot be made in a time- 
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overlap manner. In the continuous shot function, however, exposure must be changed for 
each shot. To achieve this, if the signal processes be overlapped in time one another, 
there is a fear that proper update of exposure is difficult resulting in poor operation in a 
continuous shot function. 

SUMMARY OF THE INVENTION 

It is therefore a primary object of the present invention to provide a digital camera 
which is advanced in timing of picture taking during continuous shot operation with an 
exposure properly updated. 

According to the present invention, a digital camera for performing continuous 
shots of a subject with different exposures, comprises: a signal generator for generating a 
timing signal; a first register for holding exposure data; a timing generator for causing 
exposure according to exposure data held in the first register in response to the timing 
signal; an instruction key for instructing for performing continuous shots; and a processor 
for starting to count the timing signal in response to an instruction of the instruction key, 
and performing an update process to update the exposure data held in the first register in 
first predetermined timing. 

The timing generator causes exposure according to exposure data held in the first 
register in response to a timing signal generated from the signal generator. If a 
continuous shot operation is instructed by the instruction key, the processor starts to count 
a timing signal and performs an update process to update the exposure data held in the 
first register in first predetermined timing. 

According to the invention, because exposure data is updated in first 
predetermined timing based on a timing signal, it is possible to advance picture taking 
timing during a continuous shot operation and to update properly an exposure. 



In one aspect of the invention, the timing generator controls a charge storage 
period on the image sensor according to the exposure data held in the first register. 

In another aspect of the invention, when a continuous shot operation is instructed, 
the processor counts the timing signal and performs a record process to record shot image 
data obtained by the exposure in second predetermined timing. 

In one embodiment of the invention, during the update process the first 
predetermined timing is detected based on the timing signal, and succeeding exposure 
data is set in the first register in the first predetermined timing. Current exposure data is 
retreated from the first register to a second register prior to setting the succeeding 
exposure data. On the other hand, during the recording process the second predetermined 
timing is detected based on the timing signal, and recorded are current shot image data 
obtained due to exposure according to the current exposure data and the current exposure 
data retreated in the second register in the second predetermined timing. 

In another embodiment of the invention, the current shot image data is 
compressed. Within a recording medium, a current image file is created accommodating 
current compressed image data created by the compression process and the current 
exposure data. 

The processor further performs a calculation process to calculate a current 
compression ratio based on a preceding compression ratio upon compressing preceding 
shot image data and a data size of preceding compressed image data, and a storing process 
to store current compression ratio data representative of the current compression ratio 
into a third register. The compression process performs compression on the current shot 
image data according to the current compression ratio data stored in the third register. 
Also, in the file creating process, the current compression ratio data stored in the third 
register is also accommodated in the current image file. 




In another aspect of the invention, the processor performs an adjustment process 
of the exposure over a predetermined period after ending the continuous shots. 

The above described objects and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following detailed description 
5 of the present invention when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram showing one embodiment of the present invention; 
Figure 2 is a block diagram showing one part of the Figure 1 embodiment; 
10 Figure 3 is a flowchart showing one part of operation of the Figure 1 embodiment; 

Figure 4 is a flowchart showing another part of operation in the Figure 1 
embodiment; 

Figure 5 is a flowchart showing still another part of operation in the Figure 1 
embodiment; 

15 Figure 6 is a flowchart showing further part of operation in the Figure 1 

embodiment; 

Figure 7 is a flowchart showing another part of operation in the Figure 1 
embodiment; 

Figure 8 is a timing chart showing one part of operation in the Figure 1 
20 embodiment; 

Figure 9 is a block diagram showing another embodiment of the present invention; 
Figure 10 is a flowchart showing one part of operation in the Figure 9 
embodiment; 

Figure 11 is a flowchart showing another part of operation in the Figure 1 
25 embodiment; 
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Figure 12 is a flowchart showing still another part of operation in the Figure 9 
embodiment; 

Figure 13 is a flowchart showing further part of operation in the Figure 9 
embodiment; 

Figure 14 is a flowchart showing another part of operation in the Figure 9 
embodiment; and 

Figure 15 is a timing chart showing one part of operation in the Figure 9 
embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Figure 1, a digital camera 10 of this embodiment includes a CCD 
imager 12. The CCD imager 12 is mounted, at its front, a not-shown color filter, A 
subject image is taken through this color filter to the CCD imager 12. 

If an operator manipulates a mode set switch 56 to a camera side, a system 
controller 52 sets for a camera mode. Then, the CPU 46 starts a signal generator (SG) 16 
so that the signal generator (SG) 16 outputs a horizontal synchronizing signal and vertical 
synchronizing signal. The TG14 reads shutter speed data out of a register 15a in response 
to a vertical synchronizing signal, and controls an exposure in accordance with the shutter 
speed data. That is, the TG14 controls a charge storage period on the CCD imager 12 by 
so-called an electronic shutter scheme. The TG14 also carries out vertical and horizontal 
transfer of charges in a progressive scan scheme, thereby reading a progressively scanned 
camera signal out of the CCD imager 12. The vertical synchronizing signal is created at 
an interval of l/30th of a second. As a result, camera signals for each frame are outputted 
from the CCD imager 12 every l/30th of a second. 

It is noted that the CCD imager 12 in this embodiment can carry out, in a same 




frame period, transfer of the pixels obtained in a preceding frame and exposure to be 
effected for a current frame. 

The camera signals outputted from the CCD imager 12 have any one of color 
components for each pixel. The camera signals thus configured are subjected to well- 
5 known noise removal and level adjustment by a CDS/AGC circuit 18 and then converted 
into camera data as a digital signal by an A/D converter 20. A signal processing circuit 22 
performs YUV conversion with a ratio of 4 : 2 : 2 on the camera data outputted from the 
A/D converter 20, thus creating YUV data. 

A luminance evaluation circuit 24 fetches only Y data from among the created 
10 YUV data, and evaluates a luminance of a subject based on centrally weighted 

photometry. The luminance evaluation value is inputted to the CPU 46. The CPU 46, in 
turn, calculates a shutter speed for an optimal exposure based on the luminance 
evaluation value, and writes corresponding shutter speed data to the register 15a. The 
above process is performed on a each-frame basis, updating a shutter speed to an optimal 
15 value. 

Incidentally, the TG 14 also controls the operation timing of the CDS/AGC circuit 
18, the A/D converter 20, the signal processing circuit 22 and the luminance evaluation 
circuit 24. 

The YUV data outputted from the signal processing circuit 22 is supplied also to a 
20 buffer 26a. The buffer 26a is configured by a dual-port SRAM to have a capacity 
corresponding to 28-pixels of YUV data. The write operation to the buffer 26a is 
performed by a buffer write circuit 22a provided in the signal processing circuit 22. 

The YUV data written on the buffer 26a, before overwritten by the following 
YUV data, is read out by the memory control circuit 30. The memory control circuit 30 
25 fetches the YUV data thus read through a bus 28, and thereafter writes it to an SDRAM 38 
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through a bus 36. The clock rate for reading data from the buffer 26a is set 4 times a clock 
rate for writing data onto the buffer 26a. Consequently, the buses 28 and 36 are occupied, 
over a duration of l/4th of the total time, in transferring YUV data from the buffer 26a to 
the SDRAM 38 over a duration of l/4th of the total time. 
5 The operation of access to the SDRAM 38 will be explained in detail with 

reference to Figure 2. The signal processing circuit 22 includes a read request generating 
circuit 22b to issue a read request in predetermined timing. Meanwhile, an NTSC 
encoder 42 includes a write request generating circuit 42b to issue a request in 
predetermined timing. Such requests are outputted from a JPEG CODEC 45 and CPU 46. 

10 When a plurality of requests are inputted to a mediation circuit 30a, the mediation circuit 
30a mediates between the requests and sends a start signal corresponding to any request 
to a processing circuit 30b. 

During outputting through-images, the CPU 46 supplies a high level gate signals 
to AND circuits 22c and 42c. This causes the gates to open so that the mediation circuit 

15 30a can be inputted by a read request from the signal processing circuit 22 and a write 
request from the NTSC encoder 42. 

To process for a read request from the signal processing circuit 22, the processing 
circuit 30b supplies an address signal to the buffer 26a in response to a start signal thereby 
reading YUV data out of the buffer 26a. The read YUV data is written to the SRAM 38 

20 through the bus 36. Each time 64-pixels of YUV data has been written, the processing 
circuit 30b outputs an end signal to the mediation circuit 30a thereby releasing open the 
buses 28 and 36. The mediation circuit 30a then enters into processing for a next request. 
In this manner, a plurality of read requests sent from the signal processing circuit 22 are 
processed, thereby writing 1 frame of YUV data to the SDRAM 38 for l/30th of a second. 

25 To process a write request from the NTSC encoder 42, the processing circuit 30b 
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reads YUV data out of the SDRAM 38 and writes it to the buffer 26b. The processing 
circuit 30b issues an end signal when 64 pixels of YUV data have been read out, similarly 
to the above. Such a process is repeated, thereby reading 1 frame of YUV data out of the 
SDRAM 38 for l/30th of a second. Incidentally, also the buffer 26b is configured by a 
5 dual-port SRAM to have a capacity to store 8 pixels of YUV data. 

j^\he NTSC encoder 42 is provided therein with a buffer read circuit 42a, The 
^V/^uffer r^d circuit 42a reads out YUV data stored in the buffer 42 at a clock rate of 1/4 
times thatVipon writing. Furthermore, the read YUV data is encoded with an NTSC 
format. The encoded data is converted into an analog signal by a not-shown D/A 
10 converter anljj outputted to a monitor 44. As a result, through-images are displayed on the 
monitor 44. 

When outputting through-images as mentioned above, the YUV data is accessed 
to the buffer 26a, 26b or the SDRAM 38 through DMA. That is, the CPU 46 does not be 
involved in image data processing except for the case that it starts the SGI 6 upon setting 
15 a camera mode, supplies a predetermined level of control signals to the signal processing 
circuit 22 and NTSC encoder 42 and updates shutter speed data in predetermined timing. 

If the operator operates a shot select switch 58, any one will be selected of a one- 
shot mode and a continuous shot mode. The one-shot mode is to take only one picture 
each time a shutter button 54 is depressed. The continuous shot mode is to perform 
20 continuous seven shots each time the shutter button 54 is depressed. 

the operator selects a one-shot mode and then depresses the shutter button 54, 
reduces to a low level a write signal to be supplied to the end circuit 42c 
shown in FiVure 2, thereby applying gating to a write request. As a result, YUV data is 
suspended from being read out of the SDRAM 38. The signal processing circuit 22 
25 remains outputting YUV data, and continue writing it to the SDRAM 38. 
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The CPU 46 fetches a luminance evaluation value outputted from the luminance 
evaluation circuit 24 after operating the shutter button 54, and calculates an optimal 
shutter speed and iris from this luminance evaluation value. The optimal shutter speed 
data is written to the register 15a, and at the same time an aperture stop unit 11 is changed 
5 in lens opening according to optimal iris data. When 1-frame YUV data created after 
setting the optimal shutter speed and iris have been written to the SDRAM 38, the CPU 
46 reduces to a low level a gate signal to be sent to the AND circuit 22c shown in Figure 
2. This applies gating for a read request, suspending the write operation to the SDRAM 
38. 

10 In this manner, the YUV data stored in the SDRAM 38 is recorded onto a memory 

card 50 through JPEG compression explained below. It is noted that the YUV data to be 
subjected to a record process is defined as shot image data for convenience of 
explanation. 

v^eferring to Figure 2, the CPU 46 inputs a high level gate signal to AND circuits 
15 and 4!5d provided in the JPEG CODEC 45. Due to this, the write request generating 

circuit 45a aVi read request generating circuit 45b outputs in predetermined timing 
requests to be sm)plied to the mediation circuit 30a through the ANC circuits 45c and 45d. 
The mediation cireuit 30a mediates between the requests and inputs a predetermined start 
signal to the processtog circuit 30b. 
20 During processmg a write request, the processing circuit 30b reads shot image data 

from the SDRAM 38 ancWrites it to the buffer 26c through the bus 28. The shot image 
data written on the buffer 20c is read out by a buffer read circuit 45a provided in the JPEG 
CODEC 45, and then subjected to JPEG compression. The compressed image data is 
thereafter stored in a buffer 26d W a buffer write circuit 45b. The processing circuit 30b 
25 reads the compressed image data nom the buffer 26b in response to a read request sent 
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from the JPEG CODEC 45. The read compressed image data is again written to the 
SDRAM 38. This proAess is repeated with a result that compressed image data having 
been compressed of thi shot image data is obtained within the SDRAM 38. Incidentally, 
each of the buffers 26^ and 26d is also configured by a dual-port SRAM capable of 
5 storing 128-pixels of YUV data. 

The CPU 46, when completing the writing of the compressed image data to the 
SDRAM 38, sends a read request to the mediation circuit 30a. In response to this, the 
compressed image data is read out of SDRAM 38. The CPU 46 accommodates the read 
compressed image data, together with the shutter speed data upon picture taking and the 

10 compression ratio data upon compression, into an image file and records this image file in 
the memory card 50. In this manner, the shot image is completed of recording. 
Incidentally, the shutter speed data was accommodated in the image file because of a 
requirement to meet exif as one of the digital camera standards. 

As will be understood from the above explanations, the shot image data is also 

15 written to the SDRAM 38 through DMA, and subjected to JPEG compression. The CPU 
46 is not involved in shot image data processing except for the cases that it updates a 
shutter speed and iris in advance of picture taking, supplies a predetermined level of 
control signals to the signal processing circuit 22, JPEG CODEC 45 and NTSC encoder 
42, and records the compressed image data stored to the SDRAM 38 to the memory card 

20 50. 

Where the operator has selected a continuous shot mode, seven shots can be made 
with different exposures to create seven frames of shot image data. The respective ones 
of shot image data are accommodated into an image file through JPEG compression, and 
the image file is further recorded in the memory card 50. Each picture taking process 
25 (from exposure to recording) requires a 3-frame period. That is, exposure needs a 1- 
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frame period, transfer (writing to the SDRAM 38) a 1-frame period, and recording 
process including compression a 1-frame period. However, if the present-time picture 
taking process be started after completing a last-time picture taking process, a continuous 
shot operation will take a long time. 

To avoid this, this embodiment implement in a same frame a process to record a 
last-time shot image and a process to effect exposure for a present-time shot image, 
thereby advancing the timing of picture taking. Also, the shutter speed data stored in the 
register 15a is updated in predetermined timing due to a necessity of changing an 
exposure for each of shot images. Furthermore, in order to write a shot image and shutter 
speed data related to each other into a same image file, the shutter speed data after 
completing exposure is kept in another register 15b. 

In the camera mode, the CPU 46 processes a routine shown in Figure 3 to Figure 7. 
First, in step SI it is determined whether the shutter button 54 was depressed or not. If 
"NO" here, in step S3 is processed a subroutine of an AE process shown in Figure 7, and 
the process returns to the step SI. Due to this, automatic adjustment on shutter speed is 
made during outputting through-images. If the shutter button 54 is depressed, the CPU 46 
in step SI determines "YES", and determines in the next step S5 whether the current 
mode is a one-shot mode or continuous shot mode. If a one-shot mode, then in step S7 a 
corresponding process is performed and the process returns to the step SI. If a continuous 
shot mode, the process proceeds to step S9. 

In step S9 a count value of a counter 47 is set to "1". Next, in step Sll, shutter 
speed data A (= initial value) is stored to the register 15a. Thereafter, in step S13 it is 
determined whether a vertical synchronizing signal has been inputted three times or not. 
If "YES", in step S15 a luminance evaluation value is fetched from the luminance 
evaluation circuit 24. That is, as will be understood from Figure 8, after setting the 
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shutter speed data A, exposure A with that shutter speed requires a 1 -frame period and 
transfer of the obtained shot image A needs a 1 -frame period. Within this duration, a 
vertical synchronizing signal occurs three times, and thereafter a luminance evaluation 
value corresponding to the shutter speed A is obtained. Consequently, a luminance 
evaluation value is fetched after a determination of "YES" in step S13. 

The CPU 46 in step S17 calculates a shutter speed and iris for an optimal exposure 
based on the luminance evaluation value, and in step S19 sets the calculated iris to the 
aperture stop unit 11, The CPU 46 in step S21 also calculates a shutter speed n (=1) for 
-1.5 EV of the optimal exposure, and in step S23 stores the shutter speed data n to the 
registers 15a and 15b. Thereafter, inputted by a vertical synchronizing signal three times, 
the CPU 46 in step S25 determines "YES" and the process proceeds to step S27. While 
the vertical synchronizing signal is inputted three times, exposure B with a shutter speed 
1 and transfer of the obtained shot image data B (transfer B) are performed as shown in 
Fig. 8. Thus, the shot image data B is stored into the SDRAM 38. 

^T^nsequently, the CPU 46 in step S27 instructs the JPEG CODEC 45 to perform a 
yompression process the an initial value Xb. The JPEG CODEC 45, in turn, requests the 
memory contral circuit 20 to read out shot image data B and performs a compression 
process on the sHbt image data B with the initial value Xb. The JPEG CODEC 45 also 
requests the memoryscontrol circuit 30 to write the compressed image data B. As a result, 
the compressed image oata B is written to the SDRAM 38. The CPU 46 subsequently 
proceeds to step S29 to request the memory control circuit 30 to read out the compressed 
image data B, detect a size Yosof the read compressed data B, and calculates a next-time 
compression ratio XI based on tho^size Yb, initial value Xb and target size Z. 
Specifically, Equation 1 is calculated/SThereafter, in step S30 the calculated compression 
ratio XI is stored to the registers 46a andX^b. 
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[Equation 1] 

(Yb / Z) X Xb = XI 

In step S31, calculated is a shutter speed (n + 1) for +0.5 EV of the last-time 
exposure. Then in step S33 this shutter speed data (n + 1) is stored to the register 15a. 
After a vertical synchronizing signal has been inputted once, the process moves to step 
S37 where a compression process is made on the shot image data n. As will be 
understood from Figure 8, the writing of the shot image data n to the SDRAM 38 is made 
in a same frame as that of setting the shutter speed (n + 1). At a time point of 
determination "YES" in step S35, the shot image data n is secured in the SDRAM 38. 
That is, the shot image data n is specified. The CPU 46 in step S37 performs a 
compression process on the shot image data n stored in the SDRAM 38. At this time, the 
JPEG CODEC 45 is given the compression ratio Xn stored in the register 46b. 
Incidentally, "n" of "Xn" corresponds to the count value n, and shot image data 1 will be 
compressed with the above compression ratio XI. 

Obtaining compressed image data n by the process of step S37, the CPU 46 in step 
S39 detects a size n of the compressed image data n and calculates a next-time 
compression ratio X(n + 1) according to Equation 2, The calculated compression ratio 
X(n + 1) is stored in step S40 to the register 46a. 

[Equation 2] 

(Yn / Z) X Xn = X (n + 1) 

The CPU 46 thereafter in step S41 processes a subroutine shown in Figure 6, to 
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record into the memory card 50 the compression image data n together with the shutter 
speed data stored in the register 15b and compression ratio data stored in register 46b. 
That is, in respective steps S151 and S153, shutter speed data and compression ratio data 
are read out of the registers 15b and 46b. Then, in step S155 the respective ones of the 
5 read data are accommodated together with the compressed image data n into an image file 
n. Then in step S157 the image file n is recorded onto the memory card 50, In this 
manner, an image file accommodating therein shutter speed data, compression ratio data 
and compressed image data is created within the memory card 50. 

Referring back to Figure 5, in step S43 the shutter speed data of the register 15a is 

Q 

10 retreated in the register 15b, and in step S44 the compression ratio data of the register 46a 
rU is retreated in the register 46b. If a vertical synchronizing signal is inputted once, then in 

^5 step S45 it is determined whether a count value n is equal to "7" or not. If "YES" here, the 

process proceeds to step S49. However, if "NO", in step S51 the count value n is 
1^ incremented and then the process returns to the step S31. As a result, the process of the 

•"^ 15 steps S31 - S51 is repeated until "YES" is determined in step S45. 

As will be understood from Figure 8, in a frame next to that having recorded a 
preceding shot image (e.g. recording 3), a shutter speed for a succeeding shot image 
(shutter speed 5) is set in the register 15a and a current shot image is transferred (transfer 
4). In the next frame, recorded is the current shot image (recording 4) and exposure is 
20 made for a succeeding shot image (exposure 5). The shutter speed data for the succeeding 
shot image set in the register 15a (shutter speed 5) transferred in the next frame to the 
register 15b and written, 2-frame later, to an image file. That is, simultaneously with 
recording the succeeding shot image (shot image 5), a related shutter speed is recorded. 
Also, the compression ratio data (X4) calculated upon compressing a preceding 
25 shot image (e.g. shot image 3) is stored to the register 46a. After the preceding shot image 
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has been recorded, the compression ratio data (X4) in the register 46a is transferred to the 
register 46b. Then, during recording a current shot image (shot image 4), a compression 
process is executed with the compression ratio data (X4) stored in the RAM 46b. 
Because the change of an exposure changes the data amount of shot image data, if the 
compression ratio is constant at all times, the data amount of compressed image data also 
changes. In order to suppress such data amount variation, a compression ratio for the 
current shot image data is calculated based on a size of the preceding compressed image 
data, the preceding compression ratio and a target size. 

If a shot image recording process has been made seven times, the CPU 46 in step 
S47 determines "YES". Then, the CPU 46 in step S49 returns the shutter speed to a value 
at w^hich an optimal exposure is obtained. That is, the data in the register 15a is updated 
to optimal shutter speed data. After elapsing 2 frames from setting the optimal shutter 
speed, shot image data corresponding this optimal shutter speed is obtained within the 
SDRAM 38. Due to this, the CPU 46 after inputted by a vertical synchronizing signal 
twice proceeds from step S53 to step S55 to perform a similar AE process to the step S3. 
In step S57 it is determined whether a predetermined period (e.g. a 5-frame period) has 
elapsed or not. If "NO", the process retums to the step S55, whereas if "YES", the 
process retums to the step SI, 

Although in the step S49 the optimal shutter speed is set, this shutter speed is a 
speed that have calculated in the step S17 immediately before starting the continuous shot 
operation. That is, at the end of the continuous shot operation, the subject would have 
changed. There is a possibility that the shutter speed is no longer optimal for the current 
subject. Consequently, a similar AE process is conducted after completing the 
continuous shot operation, disabling the shutter button 54 until a predetermined time has 
elapsed. As a result, a correct luminance evaluation value can be obtained for the picture 



- 15- 



taking in the next time. Furthermore, accurately calculated are a shutter speed and iris for 
attaining an optimal exposure. 

^ y^eferring to Figure 7, the AE process will be explained in greater detail. The CPU 
^ in step S251 first determines whether a vertical synchronizing signal has been inputted 
or not. If ""5^8", in step S253 a luminance evaluation value is fetched, and in step S255 
calculated is a\hutter speed for an optimal exposure. Then, in step S257 the preceding 
shutter speed is subtracted from the calculated current shutter speed to determine a 
difference S betwJ^en them. Thereafter, in steps S259 and S263 the difference S is 
compared with a preotetermined values a and -a. If S > a, then in step S261 the preceding 
shutter speed is added ©y the predetermined value a to obtain a value to be rendered as a 
current shutter speed. If \S < a, in step S263 the predetermined value a is subtracted from 
the preceding shutter spee^to obtain a value to be rendered as a current shutter speed. On 
the other hand, if "NO", in bC\th the steps S259 and S263, the current shutter speed is not 
changed. Thereafter, in step S^7 the current shutter speed is stored in the register 15a, 
and the process returns. In this manner, the shutter speed is brought to an optimal value at 
all times. \ 

Referring to Figure 9, a digital camera 10 of another embodiment is the same as 
the embodiment of Figure 1 except that a register 15c is added and the CPU 46 processes 
a routine shown in Figure 10 to Figure 14. Accordingly, explanation will be omitted for 
duplications. 

As can be understood from Figure 15, exposure for a current shot image is 
executed in a same frame as transfer of a preceding shot image. This advances exposure 
timing earlier than that of Figure 1 embodiment. That is, in the Figure 1 embodiment 
exposure is made at an interval of 2 frames, whereas in this embodiment exposure is at an 
interval of 1 frame. Nevertheless, this embodiment is same in the Figure 1 embodiment 
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in that the TG14 reads shutter speed data from the register 15a in response to a vertical 
synchronizing signal to effect exposure with this shutter speed and that the process from 
exposure to recording requires 3-frame period. As a result, the 3-frames required for 
processing a shot image includes overlapping of 2 frames. In other words, in a same 
frame are effected exposure for a succeeding shot image, transfer of a current shot image 
and recording of a preceding shot image. 

In this manner, the timing of signal processing is different from that of the Figure 1 
embodiment. Hence, the CPU 46 processes a routine shown in Figure 10 to Figure 14. It 
is noted that steps S61 - S81 are same as the steps SI - S21 shown in Figure 3 and Figure 
4. By these processes, first an iris is set at an optimal value and a shutter speed 1 is 
calculated for -1.5 EV of an optimal exposure. 

In step S83 the shutter speed data 1 is stored in the registered 15a and 15c. Then, if 
a vertical synchronizing signal is inputted twice, then in step S85 "YES" is determined. 
In step S87 a count value n of a counter 47 is incremented. Subsequently, in step S89 a 
shutter speed 2 is calculated for -1 EV of an optimal exposure, and in step S91 the shutter 
speed data 2 is stored to the registers 15a and 15b. Inputted by a vertical synchronizing 
signal once further, the CPU 46 in step S93 determines "YES" and the process proceeds 
to step S95. 

After operating the shutter button 54, when a vertical synchronizing signal has 
been inputted totally seven times and "YES" has been determined in step S93, shot image 
data B obtained due to 5th-frame exposure B is stored in the SDRAM 38. Due to this, the 
CPU 46 in step 95 performs compression process on the shot image data B, and in step 
S97 calculates a compression ratio for use in a next-time compression process from a size 
of compressed image data B. The calculated compression ratio data is stored in step S98 
to the registers 46a and 46b. 
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Incidentally, in step S95 the JPEG CODEC 45 is instructed the compression by an 
initial value Xb as stated before, and in step S97 a next-time compression ratio XI is 
calculated according to Equation 1 stated before. 

In step S99 it is determined whether a count value n is equal to or greater than "7" 
or not. If "NO", in step S103 is calculated a shutter speed (n + 1) for + 0.5 EV of a last- 
time exposure. On the other hand, if "YES", in step SlOl the shutter speed (n + 1) is 
returned to a speed for an optimal exposure. Then, in step S105 the calculated shutter 
speed data (n + 1) is stored in the register 15a. 

Incidentally, in first process of step S105, the shutter speed data is stored in the 
register 15a. The processes of this step S105 as well as the above step S83 and S91 store 
shutter speed data 3, 2, 1 into the registers 15a - 15c. That is, consecutive 3 frames of 
shutter speed data are stored into the registers 15a - 15c. 

If a vertical synchronizing signal is inputted once, the CPU 46 in step SI 07 
determines "YES". Because shot image data (n - 1) is stored in the SDRAM 38, the CPU 
46 in step 109 performs a compression on the shot image data (n - 1) according to the 
compression ratio data in the register 46b. Further, in step Sill a next-time compression 
ratio is calculated based on a size of the compressed image data (n - 1). In also this case, 
calculation is according to Equation 2 as above. The obtained compression ratio is stored 
in step SI 12 to the register 46a. 

In step SI 13 a subroutine shown in Figure 14 is processed to record the 
compressed image data with relation to the shutter speed data stored in the register 15c 
and compression ratio data (n - 1) stored in the register 46b. That is, the shutter speed 
data retreated in the register 15c is read out in step S351, and then the compression ratio 
data retreated in the register 46b is read out in step S353. Subsequently, the read 
respective data and compressed image data (n - 1) are accommodated in same image file 
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in step S355. Then, in step S357 this image file is recorded onto the memory card 50. In 
this manner, an image file accommodating therein the shutter speed data, compression 
ratio data and compressed image data is created within the memory card 50. 

The CPU 46 thereafter determines in step SI 15 of Figure 13 whether the count 
value n is "8" or not. If "NO" here, then in step S117 the counter 47 is incremented. 
Subsequently, in step SI 19 the data of the register 15b is retreated in the register 15c, and 
in step S121 the data of the register 15a is retreated in the register 15b. Furthermore, in 
step S123 the data of the register 46a is retreated in the register 46b, thereafter the process 
returns to the step S99. That is, the shutter speed data in the register 15b is transferred 
into the register 15c, whereby in the next step SI 13 desired shutter speed data is written 
into an image file. Meanwhile, because the shutter speed data in the register 15a is 
transferred into the register 15b, there is no possibility that the shutter speed data be 
erased by a next- time process of the step SI 05. As for the compression ratio data, the data 
in the register 46a is transferred into the register 46b, whereby it is possible to compress 
with a desired compression ratio and record desired data. Furthermore, the current 
compression ratio data is prevented from being erased by the succeeding compression 
ratio data. 

The respective ones of shutter speed data are shifted from the registers 15a, 15b 
into the registers 15b, 15c, and newly calculated shutter speed data is stored into the 
register 15a in the next step SI 05. Accordingly, consecutive predetermined 3 frames of 
shutter speed data are always secured within the registers 15a - 15c. 

Referring to Figure 15, the shot image data stored in the SDRAM 38 is updated at 
a time interval of 1 frame. Due to this, in each frame there exists two shot images having 
not been recorded. For example, in a frame to be set by a shutter speed 5, a shot image 3 
is under transfer and a shot image 4 is during exposure. Each shot image is subjected to a 
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record process after 2-frame later from a start of exposure. Due to this, the shutter speed 
data stored in the register 15a is transferred into the register 15c by spending a 2-frame 
period, and thereafter accommodated within an image file. As a result, the related 
compressed image data, shutter speed data and compression ratio data are accommodated 
in a frame image file. 

If the count value n is incremented up to "8", the CPU 46 in step SI 15 determines 
"YES", Waiting for once input of a vertical synchronizing signal, the CPU 46 enters into 
an AE process of step SI 25. In the Figure 1 embodiment the AE process was entered 
after the shutter speed was retumed to its optimal value and a vertical synchronizing 
signal was inputted twice. Contrary to this, in this embodiment, after the count value n 
reaches "7", the shutter speed is retumed to an optimal value by steps SlOl and S105. 
Furthermore, when the count value n assumes 8, the process moves from the step SI 15 to 
step SI 23. That is, in this embodiment a similar step to the step S49 of Figure 5 is 
provided in a group constituted by the steps S99 - S121. 

In step S125 a similar AE process is conducted to that of Figure 1 embodiment. 
The process returns to the step S61 after elapsing a predetermined period. The reason for 
conducting such an AE process for a predetermined period after completing a continuous 
shot process is same as that of the Figure 1 embodiment. 

It is noted that, because this embodiment explained the operation in a program AE 
mode, the iris during the continuous shot operation was fixed and the exposure was 
changed depending upon a shutter speed. It is however needless to say that the present 
invention is applicable also to a shutter speed preference mode wherein the iris is 
gradually changed with the shutter speed fixed. 

Also, although in this embodiment exposure was controlled under an electronic 
shutter scheme, it may be controlled by a mechanical shutter scheme. Furthermore, 
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although this embodiment used the CCD imager to shoot a subject image, a CMOS 
imager may be used in place of the CCD imager. 

Furthermore, it is assumed in the continuous shot mode of this embodiment that a 
stationary subject is shot with different exposures to obtain at least one of a proper 
exposure of a shot image. That is, it is premised that the subject is stationary and the 
camera is also fixed. The continuous shot mode of this embodiment however is 
applicable to such a case that the subject is a moving body or changes due to camera 
panning. That is, the compression ratio during recording is changed for every shot image, 
without large change in compressed image data size. Accordingly, it is possible to 
properly record shot images even where there is movement in the subject. 

Although the present invention has been described and illustrated in detail, it is 
clearly understood that the same is by way of illustration and example only and is not to 
be taken by way of limitation, the spirit and scope of the present invention being limited 
only by the terms of the appended claims. 
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